The Health Belief Model (HBM) is widely used in health behavior interventions. The lack of diverse samples in the development of this theory warrants additional study on how it performs among minorities. While studies have utilized HBM to address colorectal cancer (CRC) screening, limited information exists confirming how these constructs influence screening. Data from three CRC screening trials were used to examine how perceived benefits/barriers perform among African Americans (AA) and whether they serve as mechanisms of the intervention effects on screening. The data were collected in AA churches (Study 1: N ¼ 103; Study 2: N ¼ 285; Study 3: N ¼ 374) where lay members conducted CRC education to increase screening. Participants perceived benefits from colonoscopy (M ¼ 2.4/3, SD ¼ 0.87) and perceived few barriers (M ¼ 0.63/8, SD ¼ 1.1). Benefits were perceived for the fecal occult blood test (M ¼ 11.4/15, SD ¼ 2.1), and few barriers were reported (M ¼ 11.7/30, SD ¼ 3.4). Benefits more consistently predicted preintervention screening relative to barriers. For Study 3, individuals with fewer barriers reported a greater increase in colonoscopy screening at 12-months versus those with higher barriers (OR ¼ 0.595, 95% CI ¼ 0.368-0.964), P ¼ 0.035). Benefits/barriers did not mediate the relationship. Potential measurement limitations, particularly for barriers, were uncovered and further research on how to assess factors preventing AA from screening is needed.
Introduction
Health behavior theory involves a set of interrelated variables that predict behavior change and theory-based constructs often serve as the basis for health behavior intervention development [1] [2] [3] . Beyond being used for design, theory can be used to determine intervention mechanism(s). Specifically, theoretical construct(s) may be manipulated to assess its impact on the outcome of interest. Theory-based constructs have also been analyzed to determine differential intervention effects on the outcome(s). Studies have evaluated theoretical mediators and moderators of intervention outcomes for behaviors including weight loss, physical activity and mammography screening, and some have uncovered full or partial mediation [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] or moderation [20, 21] .
Use of theory in colorectal cancer (CRC) screening interventions
Despite substantial evidence that suggests CRC screening is effective in reducing disease related mortality [22] , it is underutilized even with continued research towards improving screening rates [23] . Previous theoretically driven interventions have been implemented aiming to increase CRC screening [24] [25] [26] . While studies have evaluated the predictive weights of these theoretical constructs [27, 28] , limited information exists regarding the pathways through which these constructs influence CRC screening in intervention trials [29] . Additional study is needed to uncover the theoretical mechanisms of intervention effects on CRC screening.
Utility of the health belief model in predicting CRC screening behavior
The Health Belief Model (HBM) is a widely used theory for the planning and implementation of interventions aimed at health behavior change [1] [2] [3] 30] and is often applied to understanding why individuals engage or do not engage in preventive services, including CRC screening. However, in a review of the literature on individual-level behavioral constructs and CRC screening behavior, Kiviniemi et al. [28] found that while many studies suggest a relationship between theoretical constructs on cancer screening behavior, approximately one-third of these studies reported no relationship between the construct and CRC screening behavior. Given these findings, it is important to continue to research the relationship between theory and CRC screening behaviors. Further, many studies have not gone beyond analyzing associations between HBM constructs and screening behavior. We were unable to find CRC intervention studies that conducted mediation or moderation analysis to examine whether the HBM constructs served as mechanisms of intervention effects on CRC screening or had a differential effect on the intervention outcomes.
Applicability of the HBM among African Americans' CRC screening behaviors
Despite the wide use of the HBM, its utility and applicability in diverse populations has not been well studied [31] [32] [33] . African Americans are disproportionately impacted by cancer and while the HBM constructs have been used to develop interventions targeted at improving screening rates in this population, most individual-level behavior change theories, including the HBM, were not developed for minorities and the reliability and validity of the measures are not well known for minority populations [34] [35] [36] [37] . Analyzing how these items perform across large samples, including diverse populations, will help determine how these measures should be refined. It is important for both researchers to understand if individual-level constructs are important in explaining CRC screening behaviors among culturally diverse populations which may be used for improved development of interventions tailored to minority groups, such as African Americans.
The present study
The current study analyzes selected HBM theoretical constructs, specifically perceived benefits of CRC screening and perceived barriers to CRC screening, among African American men and women living in mid-Atlantic and Southern regions of the United States, using data from three comparable intervention studies that aimed to increase CRC screening. In the present analysis, we addressed three research questions: (i) How do perceived benefits of screening and perceived barriers to screening indices perform (i.e. variability, floor or ceiling effects) among African American men and women from the two study regions?; (ii) How useful are benefits/barriers in predicting CRC screening adherence before intervention?; and (iii) Do benefits/barriers serve as mechanisms by which the study interventions impact CRC screening behavior? We hypothesized that perceived benefits and barriers would predict pre-intervention screening behavior such that perceived barriers would be inversely related to screening and perceived benefits would be positively associated with screening. Additionally, we hypothesized that targeting perceived benefits and barriers in the interventions would explain changes in screening behavior at 12-month follow-up. Specifically, individuals who were exposed to the study interventions would exhibit higher perceived benefits and decreased barriers and that targeting these constructs in the interventions would result in increased CRC screening rates at follow-up.
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Materials and methods
Intervention study methods
This section provides an overview of the three intervention studies led by the PI (CH) that provided the data for the current analyses. Additional detail for each is provided in the original papers and we describe them briefly in the section that follows [38, 39, 40, Holt, under review] . The intervention materials and measurement included in these studies was based on the HBM as the theoretical framework. The material content specifically aimed to outline benefits of CRC screening and to clarify and reduce perceptions about barriers to screening. Each of these studies aimed to increase knowledge and awareness of CRC and early detection and to ultimately increase screening. The current analyses focuses on fecal occult blood test (FOBT) and colonoscopy because of the availability of HBM-specific measures for these two screening methods [41] , and because colonoscopy and FOBT are two of the screening modalities recommended by multiple major organizations [22, 42] . All of the studies were implemented in African American churches where we trained lay peer community health advisors to conduct educational activities on CRC with the intent of increasing screening. In all of the studies, the community health advisors distributed culturally targeted print materials on CRC developed by the study team in partnership with local community stakeholders. The studies used harmonized measures including common data elements, [43] which facilitated the current analyses. Data from multiple studies can be harmonized to the extent that the studies are reasonably comparable in elements such as objectives, settings, conceptual framework, design, implementation, participant eligibility, procedures and outcomes [44] . Two of the three studies used a randomized trial design with an intervention and comparison group (e.g. spiritually based compared to non-spiritual intervention materials of the same core CRC content). In the current analyses, we do not combine or pool data from multiple studies as we were interested in potential regional differences but rather we compare findings across the three trials.
'Your body is the temple'
Hereafter referred to as the 'Temple' study [38] , this was the first study in the series, named after a scriptural passage involving health. The Temple study was conducted in two Alabama churches. This was the only intervention of the three that did not use formal educational workshops but rather the community health advisors used one-on-one, small group discussions and educational print materials to implement the intervention among their church members. Due to its more modest scope, this is also the only trial of the three that used a pre-post study design, rather than a cluster randomized design. Data collection was conducted at baseline, 6-and 12-month follow-up. One hundred three individuals participated in this study.
'Take charge of your health'
Hereafter referred to as the 'Take Charge' study [39] , this was the second trial in the series, also named through a community-engaged process. Take Charge was conducted in 16 Alabama churches. The trial used a randomized design comparing a spiritually based version of the intervention with a non-spiritual comparison of the same core CRC content. The intervention consisted of a series of two group educational workshops on CRC screening led by trained community health advisors. Data collection was conducted at baseline, 1-and 12-month follow-ups. Of the 316 enrolled, 285 participants completed the baseline and follow-up assessments.
'Project HEAL'
Project HEAL was the third study [Holt, under review] , also named through a community-engaged process. Project HEAL took place in 14 Maryland churches, and consisted of a series of three group educational workshops led by trained community health advisors, however CRC was only discussed in the third workshop. This trial also used a clusterrandomized design where churches were assigned to one of two strategies for training the community health advisors. Data collection was conducted at baseline, workshop 3, 12-and 24-month Perceived benefits/barriers in colorectal trials follow-ups. Three hundred seventy-five church members enrolled in Project HEAL with 309 participants completing the 24-month follow-up. These studies were approved by their respective Institutional Review Boards and informed consent was obtained from all individual participants included in these studies.
Data harmonization
The three interventions used common data elements that enabled direct comparisons across studies. We examined the instruments to verify common data elements (items) and items were eliminated that were not present in all three studies, this resulted in comparable data. While not pooled, the data were standardized for comparison of analyses across the three studies (see Table I ). The HBM constructs were assessed using previously validated instruments. Not all the HBM constructs were included in the current analysis because not all were assessed in each of the intervention studies in part due to lack of available validated measures at the time the research was conducted. In some cases, items were eliminated from scale score compositions to ensure exact correspondence between the three data sets (e.g. one study used a 6-item version of a scale where another used a 7-item version, therefore, the current analysis used the six common items).
Perceived benefits of and perceived barriers to fecal occult blood test (FOBT)
Perceived benefits of and barriers to the FOBT were measured using items (three for benefits; six for barriers; e.g. 'An FOBT will help find CRC early'; 'An FOBT is embarrassing'.) validated in previous research [41] . Items used a strongly agree, agree, neutral, disagree, or strongly disagree format and were summed to form benefits and barriers indices with higher scores indicating greater benefits/barriers. Internal consistency reliability was computed across the three studies (Cronbach's alphas ranged from 0.49 to 0.78 for benefits and 0.53 to 0.89 for barriers).
Perceived benefits of and perceived barriers to colonoscopy
Similarly, perceived benefits/barriers specific to colonoscopy (e.g. '. . .help you not worry as much about CRC'. 'Having to follow a special diet and take a laxative or enema would keep me from having a colonoscopy') were assessed using items (three for benefits; eight for barriers) validated in previous research [41] and assessed in agree/disagree/not sure format. Items were summed to form benefits and barriers indices with higher scores indicating greater benefits/barriers (Cronbach's alpha's ranged from 0.27 to 0.79 for benefits and 0.58 to 0.60 for barriers). The lower alpha score for the perceived benefits is most likely because of the number of items within the index which directly impacts reliability.
CRC screening
Self-report CRC screening behavior (FOBT; colonoscopy) was assessed using items from the Behavioral Risk Factor and Surveillance System [45] . Definitions were provided about the screening methods and response categories were based on screening recommendations. Screening adherence was operationalized as within the past 2 years for FOBT and within the past 10 years for colonoscopy. Individuals screened outside of these ranges were considered non-adherent.
Participant demographics
Baseline participant characteristics included gender, age, education, income, employment status, marital status, health insurance coverage and whether or not the participants had ever been screened for CRC.
Statistical analysis Descriptive analysis
Baseline frequencies and descriptive statistics were conducted to evaluate the distribution of all variables and measures of central tendency. The means, standard deviations and minimum and maximum values for the perceived benefits/barriers items were analyzed.
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Perceived benefits/barriers association with pre-intervention screening behavior Logistic regression analyses were conducted to evaluate the relationship between baseline perceived benefits of and perceived barriers to screening scores and participant adherence to CRC screening recommendations at baseline. These models controlled for age.
Moderation and mediation analysis
Moderation analyses were conducted to determine if perceived benefits/barriers altered the direction and/ or strength of screening behavior at intervention follow-up using binary logistic regressions. Utilizing Baron and Kenny procedures [46] , mediation analyses were conducted to assess the indirect effects of the intervention on CRC screening behavior via perceived benefits of and perceived barriers to screening. If mediation was detected, the Sobel test would be conducted to assess the statistical significance of the indirect effects. For Temple, exposure to the intervention was operationalized by participants' exposure to the CRC educational materials (the main intervention component) at the 6-month follow up ('How much of the booklet did you read?'; Response Options: All, Most, Some, None, Did Not Receive). For the Take Charge study, exposure to the intervention was defined as participants' reports of their attendance at the intervention workshops at the initial follow-up survey. For Project HEAL exposure to the intervention was also operationalized by the total number of workshops attended by church members (1-3) . Attendance data were collected through workshop attendance logs and this information was entered in Perceived benefits/barriers in colorectal trials to the study's tracking database. All analyses were conducted in SAS Version 9.4 and SPSS Version 23.0.
Results
Participant demographic characteristics
The samples of participants in each of the three intervention studies are described in Table I . Participants were African American, majority middle aged, mostly female, with a median education of some college. Health insurance coverage among participants varied between the three intervention studies. The majority of participants had been screened for CRC at baseline at some point previously.
Regional descriptions of CRC perceived benefits and barriers among African Americans Role of perceived benefits and barriers in pre-intervention screening levels Table III presents the logistic regression models for perceived benefits/barriers as predictors of pre-intervention CRC screening. In Temple, FOBT benefits/ barriers were not significantly related to screening. Colonoscopy benefits were associated with greater odds of being adherent to CRC screening at baseline for Temple (P ¼ 0.030), while colonoscopy barriers were not significant. For Take Charge, FOBT benefits/barriers were also not significant. In this study, individuals who identified colonoscopy benefits were more likely to be adherent (P ¼ 0.005), whereas individuals with perceived barriers were less likely to be adherent to colonoscopy screening guidelines at baseline (P ¼ 0.035). In Project HEAL, FOBT benefits positively predicted FOBT screening behavior and barriers negatively influenced behavior (P's ¼ 0.009 and 0.019, respectively). Colonoscopy benefits were marginally significant (P ¼ 0.062) such that individuals with higher benefits were more likely to report screening, whereas perceived barriers were not related to screening in the Project HEAL sample.
Moderation analyses Temple
There was no significant moderation for the Temple study.
Take charge
For Take Charge, while we found no intervention exposure by perceived benefits/barriers interaction, a main effect was detected such that participants with low perceived barriers to colonoscopy were more likely to report colonoscopy screening at the 1-month follow-up (OR ¼ 5.550, 95% CI ¼ 1.346-22.890, P ¼ 0.018).
Project HEAL
For Project HEAL, participants who had lower perceived benefits of colonoscopy at 12-months had a greater increase in colonoscopy adherence at 12-months in relation to those with higher perceived benefits about colonoscopy (P ¼ 0.045; Fig. 1 ). Individuals with fewer perceived barriers at 12-months reported a greater increase in colonoscopy screening at 12-months in comparison to those with higher perceived barriers (P ¼ 0.035; Fig. 2 ).
Mediation analyses
Tables IV and V report the odds ratios and 95% confidence intervals for each step in the Baron and
R. M. Williams et al.
Kenny method which illustrates mediation was not detected across Take Charge or Project HEAL. Given the small sample sizes for Temple, the mediation analysis data are not shown.
Discussion
Leveraging common data elements across three interventional studies, we sought to evaluate the performance of critical components of the HBM and to determine whether these constructs are associated with pre-intervention CRC screening, and serve as mechanisms of intervention effects aimed at increasing CRC screening among African Americans. We were also interested in the performance of the perceived benefits/barriers measures across three studies in two distinct geographical areas. While we observed demographic differences, overall, perceived benefits of CRC screening and Perceived benefits/barriers in colorectal trials perceived barriers to CRC screening were comparable across studies and there were no notable geographical differences.
The results confirmed that across the Alabama and Maryland study samples, participants perceived many benefits to screening at baseline for both FOBT and colonoscopy screening tests. However, few screening barriers were reported across the three studies suggesting floor effects. Despite a range of 46-61% of participants having been screened at baseline, the perceived barriers to screening reported are still very low. While we know barriers to screening exist and studies have supported this notion, a number of quantitative studies have detected no relationship between barriers and CRC screening behavior [28] . Among the qualitative studies conducted, they have uncovered other obstacles to screening not currently captured in the measurement tools [47, 48, 49] . A mixed-method study was conducted to understand patient-reported barriers to CRC and through focus groups other, less reported challenges emerged including low self-worth, homosexual sensitivities, fatalism, negative past experiences with testing and concerns with the financial motivation behind screening [49] . Brouse et al. [50] conducted a qualitative study to understand barriers to FOBT in a minority, urban population and several barriers were cited including issues with obtaining FOBT kits from physicians, which is a barrier less understood in the current literature [50] . This phenomenon has also been noted in qualitative studies conducted among minority populations for other cancer screening behaviors [31] [32] [33] . We speculate that the quantitative measurement of this theoretical construct may not be adequately capturing the complex factors standing in the way of individuals going through with CRC screening. The current validated scales operationalize barriers as practical constraints, being asymptomatic and being uncomfortable with the nature of the tests [41] . Qualitative examination of this construct has reported additional considerations that may impact a person's willingness to take the action of screening. Measurement of barriers may need to be refined to incorporate other items to be more responsive to patients' concerns with screening. Refining these measures would allow for future interventions to target these currently uncaptured barriers to screening. The qualitative data suggest that perceived barriers are relevant to patient's CRC screening decision-making, but the low reported barriers across the three distinct samples in this study, in 
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particular the barriers to colonoscopy, suggest there may be limitations in how this concept is being measured. The internal consistency of the benefits and barriers indices were evaluated in the present analysis. The majority of the Cronbach's alphas reported across the studies did not meet the 'acceptable' reliability coefficient of .70. In particular, both the benefits and barriers indices for the Temple study and the barriers indices across all three sample were lower than anticipated which may be due to a small number of items as well as the heterogeneity of the items. Adding more items to assess these constructs could improve the reliability and allow for subscales that would delineate discreet factors that contribute to perceived benefits and barriers of CRC screening.
We hypothesized that perceived benefits would significantly predict pre-intervention screening behavior and this hypothesis was partially substantiated with individuals reporting higher colonoscopy benefits being more likely to be adherent in all three studies, but this finding was not consistent across Perceived benefits/barriers in colorectal trials the studies for FOBT benefits. Specifically, the Alabama samples (Temple and Take Charge) did not show a significant relationship between FOBT benefits and screening, however, these variables were significantly related in the Maryland study. While FOBT benefits were comparable across these three samples, there may have been other factors that contributed to the likelihood of getting screened for the Temple and Take Charge participants. Health insurance coverage was highest among the Maryland sample and so it is possible that health insurance may have played a role in screening adherence for FOBT for the Alabama study participants. While perceived barriers were significantly related to lower screening for colonoscopy in Take Charge and FOBT in Project HEAL, the perceived barriers constructs did not significantly predict screening behavior to the degree the benefits items related to screening levels. These results are also consistent with the literature suggesting there is variability in the predictive nature of these constructs on screening behavior [28] . This lack of significant findings across all constructs, particularly the fewer significant findings for the barriers items, further suggests the way in which these concepts are presently measured may not be fully covering the complexities of the pros and cons of screening. To evaluate the mechanisms and differential impact of the interventions effects, mediation and moderation analyses were conducted across the three studies. For Project HEAL, moderation was detected for colonoscopy benefits and barriers at the 12-month follow-up. The results suggest that individuals with lower perceived benefits may have more opportunity to move in changing their screening behaviors. Whereas, individuals with more perceived barriers may need further attention in order to impact their screening behavior. Consistent with our findings, this result further underscores the need to better understand those, perhaps uncovered barriers most relevant to changing behavior. Future studies could target individuals with lower benefits and more perceived barriers and the focus of these interventions could aim to address these factors in order to promote screening.
Overall, the constructs did not serve as indirect effects of the intervention on screening behavior. In light of our findings, the aforementioned measurement challenges may be playing a role in our inability to detect indirect effects. Additionally, if our current understanding of the most salient barriers is not comprehensive, our interventions may not be fully addressing the issues most pertinent to individuals non-adherent for screening.
Strengths and limitations
The strengths of this study lie in the use of harmonized data across three church-based intervention trials, the evaluation of two key constructs of the HBM from multiple samples of African Americans, and the mediation and moderation analyses of perceived benefits/barriers of CRC screening on the impact of interventions. There are limitations to be considered in the interpretation of the findings. First, we did not include all of the HBM constructs in the present analyses and it is possible perceived benefits and barriers do not fully explain the relationships between the interventions and the outcomes. In some cases, validated instruments to assess all the constructs did not exist and thus were not measured in the studies. Perceived benefits and barriers are well established as critical constructs within the theory and thus this study sought to gain a better understanding of these items within a priority population. Second, while, a goal of this study was not to pool the data across the Temple, Take Charge and HEAL studies, we observed differences across income, marital status, employment, health insurance coverage and colonoscopy screening history. It is possible some of these differences may relate to the variables of interest, but these were not explored statistically. These samples consisted of African American adults who were enrolled through churches where they were members and were not excluded from participating based upon their cancer screening history. The study results may not be generalizable to African Americans who do not attend church. Although the importance of religion is particularly salient within the African American community with 87% of African R. M. Williams et al.
Americans reporting being affiliated with an organized religion and 53% attending church routinely [51] . The findings from this study may also not be generalizable to individuals who have never been screened. Future studies could extend this work by interviewing individuals who have not been screened to understand their perceived barriers to getting tested. This study was also at risk of selection bias. This was a group of motivated individuals who enrolled in a 3-workshop series intervention. There may be something inherently different about these individuals compared to those who did not participate. Finally, the data collected in these studies were via self-report. Self-report is subject to bias and is reliant upon participants providing accurate, honest responses.
Conclusion
Despite the emphasis to use theory in interventions aimed at changing health behavior, limitations exist across our understanding of how theoretical constructs are conceptualized, how they are operationalized, and how they are ultimately analyzed in the evaluation of interventions. The findings from the present study suggest there may be some measurement limitations, especially among African American samples. Among our sample, the results illustrate measurement limitations including floor and ceiling effects and less than optimal reliability. Additionally, these variables did not consistently and significantly predict baseline screening behavior. The constructs also were unable to explain the intervention effects. Based upon these findings, we suggest further research among diverse groups to determine if there are other factors that are possibly not being measured or emphasized in our interventions that play a role in people's CRC screening decision-making and ultimately their behaviors. Future qualitative work is needed to understand the multi-layered, dynamic nature of barriers that exist among this population. Through this additional study, tools to measure barriers to CRC screening may require further refinement and validation. This may lead to future interventions with new, promising targets aimed at increasing CRC cancer screening among African Americans.
